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Abstract 
The introduced paper is closely connected with the whole complex of problems which arise due to the effect of poor-quality or 
imperfect structure of such materials which are used for production of implants while the embedment of living human tissue cells 
to the  mentioned implant is one of the most required conditions. The given paper as well as investigation is mainly focused on 
detailed analysis of technological modification and resulting structure relating to selected human implant. Generally, there is the 
occurrence of unacceptable structures or conditions for determined microareas if the all of the required criteria for the primary 
crystallisation of the specified alloys are not kept. In relation to the mentioned microareas, the embedment of the living human 
cells is different in comparison to the embedment of the living human cells in homogeneous structure and therefore, considering 
the implants and embedment of living human tissue cells, there is the real menace of occurrence of undesired tissue interactions 
with the deteriorative and unacceptable elements (O, H, S, N) and this phenomenon can be the reason for necrosis or abnormal 
and uncontrollable growth or multiplication of cells. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
From the aspect of the biomedicine, the definition of biomaterials is closely connected with the fact that 
biomaterials are materials which are able to operate under the specific condition for long time in the biological 
environment without any features representing degradation (they exhibit the stability for long time) state which are 
designated as the most suitable materials. Based on the mentioned fact, one of the most important ways of research 
has to be devoted to the interaction between implant material and living tissue. The given interaction can be 
presented from the various aspects including the condition where the implant material can be, more or less, affected 
by the biological environment and it can lead to occurrence of its corrosion and subsequent disintegration and 
resorption (biodegradation) in the living human organism. Moreover, the interaction of implant material with living 
tissue can be also connected with occurrence of internal immune reaction or response of living human organism to 
implant material while the mentioned response can be in contradictions with expectations because the implant 
material can be the initiating factor for occurrence of toxic, mutagenic, carcinogenic, hemolytic as well as 
inflammation processes in the living tissue. In relation to the living human organism, the mentioned reactions and 
processes can be observed for the specific local area where the implant material is in the contact with living tissue, 
but the microparticles or debris of implant material can be also transported into the specific local areas (metallosis) 
or into the whole living human body, which represents the integral system as a whole [1–3]. 
Based on the research and development of implants, their application in medicine, and especially in 
implantology, is subjected to these required conditions [4]:   
x the implant materials has to be harmless to the living tissue as well as to the whole living human organism, i.e. 
the implant material is not allowed to cause carcinogenic, toxic, radioactive, allergenic, inflammatory reactions,  
x the implant material has to be biologically suitable as well as stable and it means that from the aspect of living 
human organism, there are not any contraindications, referring to immunity and metabolism allowed and 
furthermore, biodegradability and undesired response of the living organism to the implant material are also 
undesired factors in relation to the interaction between living organism and the selected implant material,  
x the implant material has to have appropriate mechanical and physical properties including sufficient strength, 
durability, rigidity, flexibility, elasticity as well as wear resistance, shape memory and many other required 
and specific properties while the selection of these properties is based on the type and purpose of the implant 
utilisation,     
x from the aspect of implant material, the x-ray contrast (in radiology) has to be also considered, 
x the material for implant has to be available from the financial aspect but there are many other conditions which 
also have to be taken into account.  
Titanium (Ti) and its alloys belong to materials which fulfill the requirements introduced hereinbefore and 
therefore, they can be used as initial materials for manufacturing of human body implants. In addition to Ti and its 
alloys, they can be used without any surface modification or treatment or with modification of the surface by 
coating. The presented paper is closely connected with Titanium (Ti) and its alloys in order to find out any effect of 
primary production technology on final implant because inadequate technological procedures can lead to the 
undesired degradation of the final implant product. 
1.1. Fundamental Structural properties of Titanium and Titanium Alloys 
Titanium belongs to the biologically inert materials and it means that titanium is a material, which is fully 
accepted by the biological tissue. In relation to the titanium implant, the healing process is based on the 
osseointegration and it means that it is the functional embedment of Ti implant into the tissue without formation of 
any bonding interlayer or in other words, there is a direct connection of implant surface with the osseous or any 
other tissue without the occurrence of any bonding tissue interlayer. Titaniun is not toxic and moreover, it does not 
have mutagenous potential on the level of chromosomes of human body cells and therefore, it is also not 
carcinogenic as well as it is without any sensitising effect. Furthermore, it is not the source of allergy or intolerance 
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in living organism. Using the modern or advanced techniques, titanium can be easily deformed plastically, welded, 
cast, after-modified or retreated. 
From the structural aspect, it is important to take into account that titanium occurs in two allotropic modifications 
[5–7]: 
x α-Ti (α-phase) with the crystalline lattice in hexagonal system – it is stable from the temperature of 882.5 °C, 
x β-Ti (β-phase) with the cubic crystalline lattice in the body-centred system – it is stable from temperature of 
882.5 °C up to the temperature of 1666 °C (melting temperature). 
In the case of the chemical composition of elements, the stabilization of the individual phases is substantially 
based on:  
x α-stabilisers – Al, N,C,O elements – these elements result in the increase of the temperature of the phase 
transformation and it means that they stabilise α-solid solution,  
x β-stabilisers – these stabilisers result in the decrease of the temperature of the phase transformation and they 
stabilise β-solid solution.  If the concentration of these stabilisers is sufficient, β-solid solution can be preserved 
and represents the stable phase at ambient temperature (the given condition is connected with effect of V, Nb, Mo 
and Ta elements) or the given solid solution can be decomposed at low temperature and it is on the basis of the 
eutectoid transformation (the given condition is connected with the effect of Cu, Ni, Co, Fe, Si, Cr and Mn 
elements). 
Based on the final Ti alloys structures which were formed during the slow cooling process, it is important to 
point out that there is the formation of various phases, which are divided into:   
x α-alloys 
x pseudo-α-alloys  
x α + β alloys 
x pseudo-β-alloys  
x β-alloys 
 
Pseudo-α-alloys can be formed if the elements, which strengthen and stabilise the β-phase, are added into the 
initial material which is represented by combination of titanium and aluminium. Further strengthening of the given 
material can be obtained by zirconium (Zr) and tin (Sn).     
α +β alloys are two-phase Ti alloys and these alloys are the most commonly used in stomatology or dental 
surgery. These alloys exhibit high strength and it is up to 1125 MPa. Moreover, these alloys also exhibit better 
malleability or formability as well as fatigue resistance and thermal hardenability in comparison with α-alloys and 
pseudo-α-alloys and it is also important to point out that in relation to these described alloys, Ti-6Al-4V alloy is the 
most used alloy where α-phase is stabilised by aluminium and β-phase is stabilised by vanadium. 
Pseudo β- alloys have the high resistance to corrosion and they are also malleable or formable. On the other side, 
higher density can be regarded as drawback because of reduced content of titanium and higher content of heavy 
elements. After solidification, they exhibit the strength up to 1400 MPa.  
Β-alloys have wide utilisation in stomatology or dental surgery. These alloys can be represented by Ti-30Nb and 
Ti-30Ta where the coefficient of their thermal expansion stands for the values, which are comparable with the 
values of facet ceramics [8, 9]. 
1.2. Cell cultures  
The cell culture is based on the isolation some specific type of cells from the animal organism, human organism 
or plant. In relation to the isolation of cells, various techniques are used while these techniques can be based on 
mechanical tissue dissociation, enzymatic digestion, taking of necrotic cells from body fluids and many others. The 
309 Františka Pešlová et al. /  Procedia Engineering  136 ( 2016 )  306 – 313 
cells are the most often cultivated in such a way that they are adhered on the water surface.  To identify the isolated 
cells, the imunocytochemical techniques are mainly applied and they are based on detection of the specific gene in 
the cells but it is important to point out that there are also many other molecular biological methods. Cultivation 
conditions are closely connected with the effort to imitate the physiological conditions in vivo or in other words, the 
cells are cultivated in specific cultivation medium at living body temperature and in the special dishes. In addition to 
cultivation, the cells are commonly in the atmosphere with the increased partial pressure of CO2. In the case that 
they are cultivated in the form of the adherent culture, it is necessary to pay attention to the properties of the 
cultivation dish surface because it plays the significant role in relation to the growth and multiplication. From the 
aspect of cultivation, the hydrophobic surface is the most suitable surface for the most of the cell types [10].  
The determination of the cells number and character of their position on the surface are the common outputs of 
the biological tests. Based on the mentioned facts, the specific techniques for determination of cells number and 
character are used including direct counting of cells with help of the microscope, utilisation of the flow cell counter, 
quantification of cells according to the activity of some enzymes or according to the concentration of the selected 
agents, such as proteins or nucleic acids. 
2. Experiment  
The given paper is closely connected with the introduction and description of two selected materials which are 
based on titanium. In this paper, the pure titanium (according to ASTM standards, it is designated as Grade 2) is 
compared with Ti-6Al-4V alloy (according to ASTM standards, it is designated as Grade 5). The mentioned 
materials were used for preparation of the samples with the predetermined dimensions and subsequently, the layer or 
coating of titanium nitride (TiN) was deposited on specified number of the prepared samples by help of PVD 
method (Physical Vapour Deposition method). After that, the coated as well as non-coated samples were subjected 
to the biocompatibility testing. The biocompatibility testing was based on the deposition of the cell culture on the 
mentioned prepared samples (samples of pure titanium and Ti-6Al-4V alloy, while some of these samples were a 
coated with TiN) and then, the cell proliferation was observed. Taking into account the fact that the cell proliferation 
is noticeably influenced by the quality of material, on which the cells are deposited, the investigation was focused on 
the reaction of cells to predetermined Ti materials with and without coatings, while the mentioned initial materials 
are commonly considered to be suitable for human body implants. Based on the mentioned fact, the attention was 
mainly paid to the selected and predetermined materials with and without coatings. In the case of pure titanium, 
there is the danger of occurrence of hydrogen in the form of hydrides as well as occurrence of oxygen in the form of 
oxides and moreover, the formation of cavities can be also observed.      
From the aspect of quality, the selection of the suitable implant materials is subjected to the control of their purity 
because purity has the significant influence on behaviour of cells on the surface of the material for implant. In 
relation to the selected Ti materials for implants, it is necessary to pay attention to the occurrence of the undesirable 
phases which are similar to those shown in Fig. 1. Moreover, the Fig. 1 also shows the slight disintegrities or 
inhomogeneities of Ti (as a result of the primary implant production technology). 
 
Fig. 1. Titanium microstructure with inclusions and inhomogeneities (zoomed 100u). 
 
310   Františka Pešlová et al. /  Procedia Engineering  136 ( 2016 )  306 – 313 
In relation to the investigation, the structures and surfaces of the pure titanium and its alloys were observed in 
a more detailed way. Moreover, the characteristic features of the TiN coating, deposited on selected materials, were 
also investigated and analysed. Using the electron microscope, the surface of the tested samples exhibited non-
uniformity or irregularity and there were also inhomogeneities or disintegrities which were observed for the whole 
surface and this mentioned phenomenon could be caused by falling out of harder phases (Fig. 2). 
 
Fig. 2. Cross-section of the pure Ti sample before deposition process.  
 
Fig. 3. Detailed view of ruptured grain on the pure Ti surface. 
More detailed investigation revealed the ruptures of the individual grains (Fig. 3) and it can be connected with 
stress-strain states in the surface microareas. In relation to the substrate material, grains morphology and character of 
grain boundaries (with the occurrence of the undesirable phases) play the significant role during the deposition 
process and based on this mentioned fact, the optimal thickness of the coating has to be inspected and used because 
all undesirable inhomogeneities or disintegrities are eliminated in this way. If the thickness of the coating is very 
thin, all of the irregularities will be visible. In relation to the introduced investigation in this paper, the optimal 
coated or deposited layer (based on PVD method) had the thickness of cca 3 μm (Fig. 4) and it was also controlled 
by adhesion tests. In the case that substrate surface was straight and there were not any differences in the roughness, 
the deposited layer (coating) was uniform or regular without any noticeable changes. On the other side, when there 
was the occurrence of the irregularities (inhomogeneities or disintegrities) and any other ruptures of the substrate 
surface including inclusions, there was not suitable adhesion between substrate material surface and deposited layer 
(coating) or there was also the phenomenon of the local accumulation of the deposited layer (coating) and it can be 
seen in Fig. 5. 
 
Fig. 4. Uniform or regular TiN layer (coating) on the pure Ti.  
 
Fig. 5. Detailed view of poor-quality layer (coating) on the pure Ti. 
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Production of the titanium alloy with the designation of Ti-6Al-4V (Grade 5) is connected with the fact that 
thermal treatment of this alloy can lead to the irregular or non-uniform size of grains (Fig. 6) and it can be the reason 
for occurrence of the porous microstructure (Fig. 7) in the areas where the other or different grain morphology is 
formed, e.g. needle-like morphology.  
 
Fig. 6. Irregular or non-uniform size of Ti-6Al-4V grains.  
 
Fig. 7. Local inhomogeneity in the site of the needle-like grains.  
If there is also the occurrence of the cavities or any pores in such structure, the surface energy is changed and it 
leads to the final influence on the final material character after the deposition process (Fig. 8). In the case of thin 
coated layer (coating), it is not possible to eliminate the inhomogeneities or irregularities and moreover, the coating 
can penetrate into the substrate material and it commonly leads to subsequent breaching or cracking. Based on the 
mentioned facts, the surface modification with coating is not suitable from the aspect of the functionality and 
adhesion because there is the danger that particles of the implant material can be transported into the specific local 
areas of the living human body or into the whole living human body (occurrence of metallosis). 
 
Fig. 8. Cracked and insufficient layer (coating) on Ti alloy.  
 
Fig. 9. Fractography of the area with deposited layer (coating). 
The quality of the deposited layer (coating) can be also inspected in a fractographic way (Fig. 9) where the 
material with the deposited layer (coating) is fractured and by this way, the thickness as well as the character of the 
rupture and adhesion of the deposited layer (coating) are revealed. 
3. Conclusion and recommendations for practical application  
Based on the knowledge from the various scientific works, it is known that the roughness character has the 
significant influence on the final quality as well as the final geometry of the material surface influencing the 
adhesive capacity of the cultivated cells. If the chemical homogeneity is not kept, there is the occurrence of 
intermediary phases, inclusions, cavities or any other irregularities or disintegrities and it leads to imperfections of 
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the surface of the implant material and subsequent modification of the insufficient surface is very difficult and 
moreover, the reaction of living cells is supposed to be unexpected or inadequate to the implant material in 
comparison with the reaction of living cells to the homogeneous implant material without any surface irregularities. 
Coated layer or coating should represent the barrier between substrate material and living human tissue cells and 
moreover, it should also eliminate the occurrence of corrosion. If there is the production of deposited layer or 
coating with insufficient surface it should not be allowed to be used or to be recommended for biomaterials. 
Thermal treatment can be utilised for stabilisation of the structure because the given structure should not be 
changed during the process of deposition. Proposal of coating composition has to be subjected to the functional 
aspect of the given coating. According to the mentioned fact, the identification of various degradations and 
prediction of the occurrence of the critical states are the important steps which can lead to the elimination of the 
degradation factors of the implant as well as biological surrounding and it is also important to point out that the 
mentioned critical states as well as degradations are closely connected with material wear. The corrosion process 
can superpose the whole degradation process in the living human organism. In the case of biomaterials the deposited 
layer or coating should be also the barrier between living human organism and diffusing (releasing) elements or ions 
from implant substrate material. Deposition and cultivation of the living cells on the various surfaces enable us to 
investigate their viability, vitality and moreover, it has to be also pointed out that morphology of the surface has the 
significant influence on the adhesive capacity of the living cell. Before deposition process, the surface of the 
substrate material is not allowed to have any cracks, cleavages, grooves, corrugations, contaminating agents and any 
other defects which have the influence on the quality of the deposited layer or coating.     
It can be concluded that deposition of TiN by help of PVD method fulfilled the expectations and therefore, the 
given method is suitable for application of coating on the surface of substrate material because of good compatibility 
of the deposited layer (coating) with living cells and the selected and investigated deposited layer or coating 
provided the adequate and sufficient barrier between the living human organism and diffusing (releasing) elements 
from implant substrate material [11]. 
 
From the aspect of the practical application, these fundamental requirements and conditions should be completed:  
x to make proposal of appropriate material and surface properties of implant in order to obtain the sufficient 
integration into the living human organism,   
x to inspect the implant from the aspect of response of the living human organism to the given implant,  
x to pay attention to the new progressive production technologies of titanium alloys using the powder metallurgy, 
which can noticeably simplify the acquisition of desirable properties for bioapplication,   
x to inspect the possible negative effect of the titanium alloys containing the particular content of aluminium in 
relation to the living human organism, 
x to respect the required declared purity of titanium  without the occurrence of hydrogen in the form of hydrides 
and with minimum content of oxygen in order to eliminate the occurrence of oxides of iron and intermediary 
phases,  
x to perform biological tests for all new biomaterials which are in the interaction with the living organism,  
x to take into account the fact that there is the different response of each one living organism to the implant because 
of patient’s  age, decease, metabolism, physical condition, mental condition (stress), pH and many other factors,   
x to investigate and inspect the influence of various types of deposited layers (coatings) on the basis of nitrides, 
ceramics, polymers while the substrate implant material will be represented by pure titanium and subsequently, to 
test the interaction of these potential implants with living cells, 
x to evaluate the optimal thickness of the coating as well as to analyse and to determine its suitability from the 
aspect of the roughness of the substrate material, 
x to deposit the living cells on the surface with the different reliefs un order to inspect their adhesive capacity with 
reference to the different shapes of implant,  
x to compare PVD for pure titanium with diffusive modification of the surface or with the artificial amorphous layer,  
x to perform the corrosion test before the deposition or cultivation of the living cells,  
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x to inspect and to compare the old implant materials, which were used and removed from the living human 
organism, with initial new implant materials from the aspect of their structural and material properties,  
x to control and to investigate the behaviour of implants in relation to the patients who have problems with 
reconvalescence. 
Materials engineers have to pay attention to the materials for implants, production technology as well as the 
response of the living human organism to the proposed or selected material which is in interaction with the living 
human cells.    
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